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ABSTRACT 
 
A field experiment was conducted for two consecutive seasons (2003 and 2004) 
in the demonstration farm of the Faculty of Agricultural Studies, Sudan University of 
Science and Technology at Shambat, Sudan to study the effect of irrigation intervals and 
quantity of water on sennoside content of Alexandrian senna leaves and pods. Three 
levels of soil moisture content (50%, 75%, and 90% field capacity) and three irrigation 
intervals (7, 10, and 14 days) were used for the determination of sennoside content 
(Sennoside A and B) of Alexandrian senna (Cassia acutifolia L.). Data were collected on 
leaf yield, pods yield, percentage of sennoside content of pods and leaves at flowering 
and after fruiting stages. Pod sennoside content was 5.35%, 5.41% and 5.46% during the 
first season and 5.07%, 5.43% and 5.35% during the second season for intervals of 7, 10, 
and 14 days, respectively. Results showed that the highest quantities of water decreased 
the percentage of sennoside content in leaves and pods. The sennoside content of leaves 
at the flowering stage was 2.56%, 2.63% and 2.7% during the first season, and 2.49%, 
2.52% and 2.51% during the second season. Pod sennoside content was 5.48%, 5.46 % 
and 5.28% during the first season, and 5.51%, 5.32% and 5.04% during the second 
season for quantities of 50%, 75%, and 90% field capacity, respectively. It was 
concluded that lower quantities of water (50% field capacity) increased the leaf sennoside 
content significantly than that of the higher field capacity (95%).  
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INTRODUCTION 
 
The importance of medicinal and aromatic plants in the civilization of Egypt, 
India, Japan, Greeks, Romans, and Islamic civilization was highly appreciated. Even 
primitive people, such as the tribes in central Africa, Americas; Australia and the gypsies 
of Europe knew about the importance and application of aromatic plants in treatment and 
beautification. At present, man has made leaps in scientific progress to the extent of 
producing chemical components that allow for effects similar to aromatic oils used in 
cosmetics. Despite this, there is a return to the use of the dangers posed by chemicals, 
such as cancers, kidney and liver failure and circulatory blood diseases. The only 
resources of the aromatic and medicinal plants were the collection from natural wild sets 
in forests, deserts, river banks, sea shores, and mountain tops. Senna is a medicinal 
purgative plant, which is obtained from several species of cassia e.g: Cassia italica, 
Cassia angustifolia (Tinnevelly or Indian Senna) and Cassia acutifolia (Alexandrian 
Senna). These species belong to the family Leguminosae. They have been used for 
production of laxatives. Cassia acutifolia has different commercial and common names 
such as Alexandrian Senna, Khartoum Senna (Anonymous 1976), Senna El Kharif in 
North Kordofan (Eldagawi 1996), Senna Makka the Arabic name in Sudan (Eldagawi 
1996) Egyptian Senna or Nubian Senna (Brendel and Schneider 1974). The leaves 
possess two crystalline, glycosides, Sennoside A, and B (Duke 1983). and a third more 
potent glycoside having two additional glucose molecules. Among other properties are 
Sennoside C and D. Dried seeds contain 10.3% water, 18% protein, 1.3% fat, 66.9% total 
carbohydrate and 3.5% ash (Pailer and Hasliger 1972). In the Pharmaceutical industry, 
leaves (leaflets) and pods of Cassia senna serve the same purposes as those of Cassia 
angustifolia. Extracts and powder from both leaves and pods are extensively used in 
formulating commercial laxative preparations. Cassia acutifolia "Senna" is used 
medicinally and has antibacterial, antifungal, antiviral and laxative properties. As far as 
the international markets are concerned, Sudan is distinguished by strategic location. It 
has natural potentials for producing several plants and herbs which have international 
commercial values. 
Sudan exported about 1.8 metric ton of Senna to the United Kingdom, Germany, 
Japan and other countries (Elhassan 1989). Sudanese Senna pods, which contains 
Sennoside between 5% and 6% fetches about 35 pence per pound, whereas the price for 
Indian senna was about 25 pence per kg (Anonymous 1976). Southeast India produces 
Senna commercially. Germany has been the traditional importer of both India and 
Alexandrian Senna for the past several years. No research data on the cultural practices 
for commercial production and Sennoside content of Cassia acutifolia are available in 
Sudan. The production of Senna plant depends on collection from banks valleys, seasonal 
streams and edges of waterways. In the Sudan Senma is characterized by low yield, low 
percentage of the active ingredients, loss of homogeneity due to genetic combination and 
instability of the environmental conditions. All these factors led to reduced economic 
value of the plant. The objective of this work was to study the effect of irrigation 
intervals and quantity of water on Sennoside content of Cassia acutifolia leaves and pods. 
 
 
 
MATERIALS AND METHODS 
Experimental site 
A field experiment was conducted for two consecutive seasons in the 
demonstration farm of the Faculty of Agricultural studies , Sudan University of Science 
and Technology at Shambat (Latitude 15° 40́ N Longitude 32° 32́ E", 375 meters above 
sea level), The climate of the site is tropical with seasonal annual rainfall of 150 – 180 
mm from July to September, though recently these amounts were so much reduced. Mean 
minimum and maximum temperatures range between 15
o
C and 48°C during winter and 
summer, respectively (Blake, 1965). 
The soil is clay loamy, with high content of clay slightly alkaline with pH range 
of 7.5 – 7.7 .N content is 0.067 - 0.084 %, electrical conductivity is 0.42 – 1.6 dsm-1. 
 
Differential treatments of the experiment 
Three levels of irrigation regimes (50%, 75% and 90% field capacity, designated 
Q1, Q2 and Q3 respectively), and three irrigation intervals (7, 10 and 14 days) designated  
I1, I2 and I3 respectively, were selected. 
The soil was prepared using a disc plough, for deep ploughing, and a disc harrow, 
for breaking the large clods. The land was then leveled and ridged. 
The field capacity was estimated by determining the percentage of soil moisture at 
different depths that plant roots can reach using the following procedure: 
A soil pit of 1m
3
 was made, filled with water up to 15 cm, covered with plastic 
cover to prevent water loss by evaporation, and left for 48 hours to allow extra water to 
exude inside gravitationally. Samples were then taken by an auger at different depths (15, 
30 and 45cm); each sample was weighed (w1) dried in an oven at 105°C  for about 24 
hours and weighed again (w2). Then the soil moisture percentage was calculated as 
follows:  
Soil moisture (%) =                 (W1 – W2)   x 100   
                                 
                                                     W2 
W1    =  Weight before drying 
W2    =  Weight after drying   
    Average soil moisture for the three samples was calculated. 
The bulk density was determined using the wax coating method (European 
Pharmacopoeia 1969). 
The amount of water to be applied was determined using the following formula: 
Amount of water per plot =    B.D x S.D x P.A x S.M% x F.C% 
where: 
B.D = Soil bulk density 
S.D = Soil depth (cm) 
P.A = Plot area (m
2
) 
S.M = Percentage of soil moisture at field capacity 
F.C = Percentage of field capacity 
The irrigation water was measured using an electric pump of calibrated discharge. 
The time required to apply certain volume of water for each plot was determined with the 
help of a stop watch. 
A completely randomized design, with three replications was used. Each plot had 
5 ridges of three meters length and 0.7 m width, oriented in the north – south direction. 
Sowing was on the eastern side of the ridge, at a rate of 3–5 seeds per hole, at a 
spacing of 0.3 m between holes. Sowing date was 28th of April kept for the two seasons 
as. The plots were irrigated immediately after sowing. Thinning to one plant per hole and 
re-sowing were after three weeks from sowing. Urea at the rate of 50 kg per feddan 
(approximately one acre) was applied after four weeks from planting and irrigation 
treatments commenced after one month from planting. 
The first collection of leaves was at the flowering stage and before fruiting pod 
formation, and they were dried and weighed. The second collection was confined to pods, 
which were collected just after physiological maturity as the colour of the pods changed 
to brown, and then the pods were dried in an oven at 70 °C for about 24 hours. 
After collecting all fruits (pods), the plant was left for another vegetative growth 
period. Once the plant reached flowering stage, it was cut at a height of 10 cm from soil 
surface and the leaves were taken for drying in an oven at 70
o
C for about 24 hours, 
weighed and then glycosides percentage was determined. 
 
Chemical analysis 
The sennoside content of Cassia acutifolia was determined, according to the 
method described in the European Pharmacopoeia (British Pharmacopoeia 1995) as 
follows:-  
In a 100 ml flask, about 0.15 g accurately weighed powder was taken, 30 ml of distilled 
water was added, mixed, weighed and heated under a reflux condenser for 15 minutes 
then allowed to cool, reweighed and then the weight was adjusted with water and 
centrifuged at the rate of 5300 rpm for 10 minutes. Exactly 20 ml of the liquid was 
transferred to a separating funnel. One drop of concentrated hydrochloric acid was added, 
shaken with two quantities, each of 15 ml of chloroform. The layers were allowed to 
separate, and the chloroform layers were discarded. The aqueous layer was centrifuged 
again for 7 minutes at the rate of 5000 rpm, and 10 ml of the liquid was transferred to 100 
ml round bottomed flask fitted with a round glass stopper. The pH of the solution was 
adjusted between 7 and 8 with 5% solution of 0.2 ml Na2CO3. About twenty milliliters of 
ferric chloride (FeCl3, 5%) was added and mixed, then refluxed on a water bath for 20 
minutes. One milliliter of concentrated. HCl was added and heated on a water bath for 
another 20 minutes and shaken frequently until the precipitate was dissolved. The 
mixture was then transferred to a separating funnel after cooling, and then extracted with 
three quantities each of 25 ml of diethyl-ether previously used (25 x 3) the flask was 
rinsed. The ether extracts were combined and washed twice with 15 ml of distilled water; 
the ether extracts were then placed in a 100 ml volumetric flask and diluted to a 100 ml 
with diethyl ether. Exactly 10 ml of the liquid was taken, evaporated to dryness, and the 
residue was dissolved in 1N potassium hydroxide (1 N KOH).   
The extinction of the solution was determined immediately at 490 nm in a 1cm 
cell using water as compensation liquid.     
  The percentage of Sennoside was calculated, according to the equation described 
in British Pharmacopoeia (1995). 
The following formula was used for calculating the content of hydroxyl anthracite 
glycoside expressed as Sennoside B. two handered and forty was taken as the value of 
1% / cm at maximum of 490 nm. 
 
     Sennoside B =                                  abs x 1000 x 3   x 100 
 
                                                                  240 x 150              
abs     =   absorption of sample. 
3        =    Dilution factor. 
240    =   Absorbance of the cell. 
150    =   Number of gram sample taken. 
 
Statistical analysis 
The collected data were analyzed using completely randomized design with two 
factors (Gomez and Gomez, 1984). 
 
 
RESULTS AND DISCUSSION 
 
Sennoside content of leaves at 
1- Flowering stage: Statistical analysis showed that irrigation intervals had no significant 
effect on mean leaf sennoside content at flowering stage at all sampling periods of the 
two seasons. 
The longer irrigation interval (I3) increased the mean sennoside content of leaves 
at flowering stage (Table1). This supported the results of Elamin (1998) who found that 
increasing water quantity decreased the sennoside percentage in leaves at flowering stage, 
and reported that water quantity of 27 mm/ irrigation decreased leaves sennoside content 
than the quantity of 17 mm/ irrigation. 
The results also revealed that water quantity of 90% field capacity (Q3) increased the 
mean sennoside content significantly over the other quantities of water during both 
seasons (Table1). 
No significant differences or interactions were obtained in mean leaf sennoside 
content at flowering stage at all sampling periods of the first season, but it had a 
significant effect during the second season. 
Interaction between irrigation intervals of 7 days (I1), 10 days (I2), and 14 days 
(I3) with water quantity of 90% and 75% field capacity   increased the mean leaf 
Sennoside content significantly as compared to the 50% field capacity (Table1). 
 
 
 
 
  Table 1. Effect of irrigation intervals and water quantities on leaf sennoside content at 
flowering stage of Cassia acutifolia for the 2003 and 2004 seasons 
 Season 2004  Season 2003 `Irrigation 
Intervals  Water Quantities  Water Quantities 
Mean ( Q )* Mean ( Q )*  
 90% 75% 50%  90% 75% 50% ( I ) 
2.42 
2.44 
2.65 
2.29 
2.36 
2.88 
2.36 
2.44 
2.76 
2.61 
2.53 
2.32 
2.50 
2.68 
2.70 
2.38 
2.87 
2.86 
2.48 
2.67 
2.72 
2.64 
2.51 
2.53 
7 Days 
10 Days 
14 Days 
2.51 2.52 2.49 2.70 2.68 2.56 Mean 
  L.S.D (0.05) 
0.05 0.08 L.S.D ( I ) 
N.S 0.08 L.S.D ( Q ) 
0.09 0.13 L.S.D (Ix Q) 
      * Percentage of the Field Capacity,   X: Mean, N.S: not significantly different. 
 
2- After fruiting stage: Irrigation intervals had no significant effect on mean leaf 
sennoside content after fruiting stage during both seasons. Watering interval of 14 days 
(I3) increased the mean sennoside content than irrigation intervals of 10 days and 7 days 
(Table2). 
The results showed that irrigation intervals had no significant effect on mean leaf 
sennoside content after fruiting stage at all sampling periods for both seasons; however, 
the water quantities had significant effect during the second season only (Table 2). 
No significant differences were obtained between the interactions at all sampling 
periods on mean leaf sennoside content after fruiting stage during the first season, but it 
had significant effect during the second season. 
Interaction between irrigation intervals 14 days, and 75% F.C.in the first season, and 
between 14 days 50% F.C. in the second season increased the mean leaf sennoside 
content after fruiting stage. (Table2). Senthong, and Pandey (1989) and Abuzied (2000) 
recommended medium irrigation as the best and intervals of about 3–4 weeks as 
advisable, since shorter intervals decreased the percentage of leaves sennoside content. 
 
 
 
Table 2. Effect of irrigation intervals and water quantities on leaf sennoside content after 
fruiting stage of Cassia acutifolia for the 2003 and 2004 seasons   
 Season 2004  Season 2003 `Irrigation 
Intervals 
 Water quantities  Water quantities  
Mean ( Q )* Mean ( Q )*  
 90% 75% 50%  90% 75% 50% ( I ) 
2.32 
2.30 
2.30 
2.21 
2.20 
2.22 
2.34 
2.28 
2.24 
2.40 
2.42 
2.44 
2.26 
2.24 
2.32 
2.21 
2.22 
2.28 
2.26 
2.21 
2.34 
2.31 
2.29 
2.33 
7 Days 
10 Days 
14 Days 
2.21 2.29 2.42 2.24 2.27 2.31 Mean 
  L.S.D. (0.05) 
N.S N.S L.S.D. ( I ) 
0.19 N.S L.S.D. ( Q ) 
0.08 N.S L.S.D (IxQ) 
  * Percentage of the field capacity.,  X: Mean, N.S: not significantly different. 
 
Sennoside content of bods: Irrigation intervals had significant effects on mean pod 
sennoside content during both seasons. Irrigation interval of 10 days increased the mean 
pod sennoside content significantly over irrigation intervals of 14 and 7days during the 
second season (Table 3). The lowest field capacity (50%) gave the highest sennoside 
content of leaves during both seasons (Table 3). Likewise, the interaction revealed 
significant for both seasons differences. This supports the results of Elamin (1998) who 
reported that watering quantity of 27 mm / irrigation decreased the percentage of pod 
Sennoside content as compared to that of 17 mm / irrigation.  
Generally, increased soil moisture content, either by decreased irrigation intervals 
or increased water quantity, leads to decreased cell sap concentration and consequently 
decreased Sennoside content (Abuzied, 2000). 
 
 
 
 
 
 
 
 
  
 
 
 
Table 3. Effect of irrigation Intervals and water quantities on pods sennoside content of 
Cassia acutifolia for the 2003, and 2004 seasons  
 Season 2004  Season 2003 Irrigation 
 Intervals  
 
Mean 
 
Water quantities 
( Q )* 
 
Mean 
 
Water quantities 
( Q )* 
 
 
(I) 90% 75% 50% 90% 75% 50% 
5.09 
5.43 
5.35 
4.79 
6.21 
5.11 
5.09 
5.44 
4.43 
5.38 
4.63 
4.52 
5.35 
5.41 
5.46 
5.17 
5.31 
6.36 
5.40 
5.50 
5.47 
5.46 
5.43 
4.56 
7 Days 
10 Days 
14 Days 
5.04 5.32 4.51 5.28 5.46 5.48 Mean 
  L.S.D (0.05) 
0.21 0.01 L.S.D ( I ) 
0.21 0.01 L.S.D ( Q ) 
0.36 0.17 L.S.D (I x Q) 
 * Percentage of the field capacity., X: Mean, N.S: not significantly different. 
 
 
CONCLUSIONS 
 
Lower quantities of water (50% field capacity) increases the leaf sennoside 
content significantly than the higher field capacity (95%). Interaction between short 
intervals and higher quantities decreases sennoside content at flowering stage. On the 
other hand, increasing irrigation intervals reduces percentages of sennoside in pods and 
leaves after fruiting stage. 
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